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DO FISH REPEL OUPOSITION BY
AE D ES TAENIORHYNCH US'!
SCOTT A. RITCHIE' .cND CHRISTOPHER LAIDLAW-BELL
Collier Mosquito Control District, P. O. Box 7069, Naples, FL 33941
ABSTRACT. We tested the hypothesis that fish indirectly control mosquitoes by repelling oviposition.
Aedes taeniorhynchus oviposition in mangrove forests, natural pools, and excavated pools with different
concentrations offish was compared. Oviposition in adjacent mangrove forests was concentrated in the
site with the lowest fish density. In 3 mangrove forests, egg populations from pool banks were significantly(P < 0.001) lower for pools with fish than for fishless pools, with an overall mean t SD of 1.6 + 5.7
and 20.0 + 34.8 eggs/sample, respectively. At one pool, egg densities increased significantly (P < 0.001)
from 0.36 to 5.00 eggs/sample after drying killed fish. In excavated pools, oviposition was significantly(P < 0.001) affected by fish. These data indicate that Ae. taeniorhynchus avoids ovipositing in sites with
high concentrations of fish and suggest that the response is fish-mediated. This behavior may help to
explain the migratory habits and population dynamics of Ae. taeniorhynchw.
INTRODUCTION
Although fish are frequently used in mosquito
biological control programs (Service 1983), the
mechanism of control is rarely defined. In ad-
dition to direct predation of mosquito larvae,
aquatic predators may have significant indirect
effects on mosquitoes. Mosquitoes may selec-
tively avoid ovipositing in water with notonec-
tids (Chesson I 984), fish, and tadpoles (Petranka
and Fakhoury l99l). Controlled experiments
with the mosquito Anopheles punctipennis (Say)
established that fish detection was chemically
rather than visually mediated (Petranka and Fak-
houry l99l).
Fish appear to play an integral role in the pop-
ulation dynamics of the black salt marsh mos-
quito (Aedes t aeniorhync has Wied.). Population
crashes have been associated with high water lev-
els, with potential mechanisms including in-
creased populations of larvivores, submergence
of mosquito oviposition sites, and death of un-
hatched, submerged eggs (Ritchie 1984). Addi-
tionally, recent studies suggest hat fish may in-
fluence oviposition. Aedes taeniorhynchus
oviposits on exposed salt marsh and mangrove
soil and is influenced by a variety of environ-
mental factors (for a review see Ritchie and Ad-
dison [992]). Eggshell studies indicate that ovi-
position is concentrated in rain-flooded mangrove
basin forests with, presumably, Iower popula-
tions of fish than tidally flooded sites (Ritchie
and Addison 1992). We tested the hypothesis
thal Ae. taeniorhynchzs avoid ovipositing in
mangrove swamps and pools containing high
densities of fish. Furthermore, a controlled field
experiment provides preliminary evidence that
fish mediate this response.
MATERIALS AND METHODS
Oviposition in adjacent mangrove forests with
high and low populations of fuh: Water condi-
tions, fish populations, and associated Ae. tae-
niorhynchus oviposition in 2 adjacent (separated
by a l0-m-wide berm) mangrove basin forests
(April Court and Dogwood) in Collier County,
FL, are described. These sites are respectively
described by Ritchie and Johnson ( I 99 I a, I 99 I b).
Mosquito oviposition was estimated by egg sam-
pling (data derived from Ritchie and Johnson
l99la, l99lb) or by dipping for larvae. Because
tides may move larvae from the oviposition site,
only broods hatched by rainfall are presented.
Hatching rates approaching l00o/o (Ritchie and
Johnson l99lb) indicate that most eggs collected
from recently exposed soil were laid during the
period since soil had been exposed (Ritchie and
Johnson l99la). Aquatic predators were sam-
pled biweekly at each site with 2 modified Gee's@
minnow traps (Ritchie and Johnson 1986) set for
24 h. Water salinity was measured with a re-
fractometer. The percent submergence was es-
timated from a water depth<umulative area
function (Ritchie 1988' ) based on 200 elevation
points (measured with a level and transit) within
each site. Water depth was measured at a ref-
erence stalf gauge or recording water table well.
Oviposition at natulal pools with and without
/slu.' Unique conditions allowed us to compare
I Present address: Queensland Institute of Medical
Research, P. O. Royal Brisbane Hospital, Brisbane 4O29
Australia.
' Ritchie, S. A. 1988. A simulation model of the
population dynamics of the black salt marsh mosquito(Aedes taeniorhynchus) in a Florida mangrove forest.
Ph.D. dissertation. University of Florida, Gainesville.
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Ae. taeniorhynchus oiposition in fish and fish-
less pools within the same site. In 1992, marr-
grove forests were submerged for most of the
winter, with tidal flooding in February supple-
menting existing fish populations. A drought in
April-May dried many mangrove forests, iso-
lating fish in the larger pools. Pool banks, a pre-
ferred oviposition site (Ritchie and Addison
1992), are nearly devoid of eggs following pro-
longed submergence (S. A. Ritchie, unpublished
data). Oviposition on exposed banks resumes
from emigrants in spring. Thus we could test the
hypothesis that Ae. taeniorhynchzs avoids ovi-
positing at fish pools by comparing pool bank
egg populations from pools with and without fish.
Aedes taeniorhynchus eggs were sampled from
the exposed banks offlooded pools (fish pools)
and recently dried pools (fishless pools) in 3 black
mangrove (Avicennia germinans Linn.) basin
forests. Study sites at Marco Island, Key Island,
and Rookery Bay in Collier County, FL, were
sampled in late May 1992. Drying out of a large
fish pool at Marco Island on May 23 allowed us
to compare egg populations at the same pool
both with and without fish. Sampling transects
(6 per site) were randomly selected along sections
of pool banks with moderate slope and detrital
cover, known attributes of Ae. taeniorhynchus
oviposition sites (Ritchie and Addison 1992). A
l2-cm-diam polyvinylchloride pipe corer was
used to take 3 and 2 respective soil cores at equi-
distant intervals below and above the area where
black mangrove pneumatophores appeared in
each transect. Because the pneumatophore
threshold approximates a plane of equal eleva-
tion within each forest, relative elevation and
thus soil moisture content were standardized.
Each soil core was placed in a ziplock plastic bag,
incubated for 72 h then flooded with a dilute
yeast solution to hatch eggs. To test ifthe absence
of eggs in fish pools was due to inhibited egg
hatch, soil samples from one fish pool (Marco
Island) were then processed for eggs by sieving
and bleaching (Ritchie and Johnson 1989) and
eggs examined for embryonation after clearing
in 5olo sodium hypochlorite.
Fish were sampled using the trap described
earlier. Fish collections are summarized as per-
cent poeciliids (Gambusia holbrooki [Girard],
Poecilia latipinna [Lesueur]); all remaining fish
were cyprinodontids (Rluzlzs marmoratus fPoeyl,
Fundulus confluentus Goode and Bean, and Cy-
prinodon variegatus [Lacepede]). All are known
larvivores (Harrington and Harrington 196l).
Poeciliids are live bearers that are introduced
from other sites by tides or runoff (Harrington
and Harrington 196l) whereas cyprinodontids
can survive as eggs and adults in a dry swamp
(Taylor et al. 1992). Mosquito egg counts in fish
and fishless pools were transformed by log(x *
l) and compared using an unpaired f-test.
Oviposition in excavated pools with and with-
out fuh: Excavated pools were used to examine
Ae. taeniorhynchus oviposition in response to
fish under controlled conditions in a black man-
grove forest. Pools (45 cm wide x 40 cm deep,
volume about 40 liters) were excavated by shovel
in 2 parallel rows of about 15 cm elevational
difference on April 9,1992. Each row contained
6 pools l-2 m apart. A 45-60' slope was con-
structed on the upslope side and covered with a
layer ofnewly fallen leaves to provide shelter for
mosquitoes without adding eggs. To estimate the
number ofresident eggs present in pool soil be-
fore exposure to mosquitoes, l.l liters ofsoil was
collected from pool banks and processed for eggs
by sieving and bleaching (Ritchie and Johnson
1989). Pupal water, a suspected oviposition at-
tractant (Ikeshoji and Mulla 1970), was collected
from the site during a mosquito emergence and
1.2 liters added to each pool. The water salinity
was 25 ppt. Because disturbed salt marsh can
emit hydrogen sulfide, a fish toxicant, we waited
l8 h before adding I 5 G. holbrooki to 3 randomly
selected pools in each row. The mean -f SD stan-
dard length for a subsample of 30 fish was 3l +
8 mm.
Partial flooding ofpools on April 19 necessi-
tated sampling the next day. Although some dead
fish were noted, live fish were observed in all but
the control pools. Soil was excavated from the
sides and bottom of each pool using a mason's
trowel and a fillet knife to cut roots; about 3 liters
ofsoil was taken from each pool. Soil was pro-
cessed for eggs and newly hatched eggshells by
sieving and bleaching (Ritchie and Johnson I 989);
because rain may have hatched some eggs, newly
hatched eggshells were tallied as eggs. This ex-
periment was repeated again twice.
RESULTS
Oviposition in adjacent mangrove forests with
high and low populations of fuh: During the
sampling periods, Ae. taeniorhynchas oviposited
at Dogwood despite high water levels, low salin-
ity, and low (< 2 fish/trap with 44o/o poeciliids)
fish populations (Table l). Hieh egg populations
in I 987 indicate that oviposition is not restricted
to low salinity conditions. In contrast, oviposi-
tion at April Court was restricted to periods of
relatively low (1987) or no (August 1986) fish
populations (Table l). Fish populations at April
Court consisted of 38 and 20o/o poeciliids during
the 1986 and 1987 sampling period, respectively.
Oviposition at natural pools with and without
fah: Atotal of 198 and 2,394 eggs were collected
from fish and fishless pools, respectively, with
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highly significant (P < 0.001) diferences at all
sites (Table 2). Mean (+ SD) egg density in-
creased significantly(r: 3.53, df : 58, P < 0.001)
from 0.36 + l.16 to 5.00 + 9.02 eggslsample
after drying of the Marco Island fish pool killed
the fish. Fish pools also contained large numbers
ofaquatic insects (Table 2), all dytiscid and hy-
drophilid beetles. None ofthe l5 eggs recovered
by sieving and bleaching soil cores from a fish
pool were fertile (13 were infertile and 2 had
deformed embryos).
Oviposition in excavated pools with and with-
out fuh: Oviposition was significantly affected
by fish (F : 62.4; df : 2,9; P < 0.00 I ), elevation
@: 4a3; df : 2,9; P < 0.001) and their inter-
action (.F: 6.1; df : 2,9; P: 0.04) in the first
excavation experiment. The number of eggs was
significantly (P < 0.01) lower in fish pools than
in fishless pools for high and low elevations (Fig.
l). Accounting for resident eggs (estimated to be
4Olpool), little if any oviposition took place in
pools with fish. In the remaining 2 trials, fish
escaped after heavy rain flooded the pools.
DISCUSSION
Aedes taeniorhynchus av oided ovipositing near
water with a high concentration of fish. This was
observed both within a site (natural pool studies)
and between sites (oviposition at Dogwood and
April Court in late July 1986) with divergent
concentrations of fish. Other factors do not ap-
pear to account forthe observed oviposition pat-
terns. Avoidance offlooded or large pools does
not explain why oviposition occurred at Dog-
wood despite standing water nor why oviposition
at April Court and the Marco Island fish pool
commenced after the sites dried. Similarly, the
onset of oviposition upon the drying of fish pools
with no recent history of mosquito production
is not consistent with selective oviposition in
response to a pupal pheromone (Ikeshoji and
Mulla 1970), although decomposing fish could
be an oviposition attractant. Elevation, soil sul-
fates, salinity, and moisture, known to affect ovi-
position (Knieht and Baker 1962, McGaughey
1968, Ritchie and Johnson 1991b), were con-
trolled in the excavation experiment and, pre-
sumably, in the natural pool study where a stan-
dardized elevation and a common water table
ensured comparable soil conditions. High con-
centrations ofinsect larvivores, such as dytiscids,
were found only in 2 of the sites in the natural
pool study. Only high concentrations of fish were
consistently associated with low egg populations.
Selection pressure for owiposition in low den-
sity fish sites would be strong. A Gambusia pop-
ulation of 30/m2 (equivalent to 100/trap based
on formula from Stewart and Miura I I 985]), each
o + t + l
R 9
\ o n
d * 9
!  L F -
t t  - t t
, ,  a )  r l
- .  
o -\o o\
6 b $
+ t E + l
o
a i  e 6 l
N ' A  o . l
C'l li C.l
a r  - t t
x.; s
P a
t r o .
c t v
a
I
o o
E  3 QO  o a .j bt)
v)
\o 
.^ F-
;  " iK
t T  I
*  r *
c..t - -
a s r
a < g
(.) ao oo
F \ d o i
- d e . l
\ q 9
c { \ o r )
. 
cl 9
c-.1 r o
+t +l +l
a{ cA l.-
d - . : o
i c.l oo
+t +l +t
al r, \O
\o o\
t t : C . l
+t +t +l
\O C.l €
O\ F- 1.1
€
O\ F-
- o o
\o a-.r -
€ -  - ^
6  
- i s
i < €
-  l A
t o o  I
O\ - ct)
> r > r j
li
E r
fis
€ l' a :
' i F
o
ti
P ^
. q ! d
O H
r r .
s
+t +t +l
f
{
s 'F
i  
€ i6 3.:e  E x
I  ' E 6
c  ? ;
I  € ! )
-  Y E
6  F o
E  A ! -
,E  E  I . 'Et  < " R
E 'g !?
\  q  E h
S  i E r r
d  F E r
:  € o X
E  !  Y 5
3 . F k ;
E "i'* -6 &
: ; E E F
a  i ;  s , E
t i v b h
F ; b € E
o - E o TF,E  .E !E  E :  e t
. 9  E ! !  h
E 8 f i f i i
' E r ? E E
6 E , l i E
. 3 r
' a :
' i B
SgPTEI,TBER 1994 Do Frsn RspBr Moseulro OvrposrrroN?
Table 2. Aedes taeniohynchus egg densitiest at natural pools with and without fish in 3 black
mangrove forests in southwestern Florida. 
._
Pools without fish Pools with fish
Pool
sizes
(m')
383
Site (date
sampled in 1992)
Pool
sizes
(m')
Mosquito
eggs
Mosquito
Fish/trap2,3 eggs
Marco Island (May 19)
Key Island (May 26)
Rookery Bay (May 29)
35,20  27 .6  +  42 .14
21,30 3t.6 + 44.94
25,30 15.7 + 25.64
600 204.5(960/A 0.36 + 1.168
330, l l0 26.5 (87%) 3.r2 + 7.788
250,90 109.0 (950/o) 0B
I Mean a SD number ofeggs hatched from 30 l2-cm-diam soil cores per pool; means in the same row followed by a different
letter are significantly different (P < 0.001) by unpaired t-test on log(x + l) transformed egg counts.
' Numbei of fish collected in a modified Gee's Improved Minnow Trapo over a 24-h period with percent poeciliid frsh (all
others cyprinodontids).
I Also collected a respective mean of75, 37, and l0 aquatic b€etles/trap at Marco Island, Key Island, and Rookery Bay.
capable of eating 550 Aedes larvae during the
course of a brood (Ritchie and Montague, in
press), could potentially consume 17,000 larvae/
m2 (about 120 lawae/dip). With almost certain
predation facing larvae hatched near fish ponds,
a strategy ofnot ovipositing in such habitat could
evolve.
Such a strategy might explain the biology of
Ae. taeniorhynchus. The spectacular migrations
of recently emerged females (Provost 1957) may
ultimately take females to dry, fishless oviposi-
tion sites. Fish-mediated oviposition repellency
may, in part, account for the high oviposition
rates in rain-flooded sites (Ritchie and Johnson
I 99 I b, Ritchie and Addison I 992); low fish den-
sities in these sites (e.g., Dogwood) are associated
with nearly continuous mosquito oviposition.
Finally, this strategy suggests how prolonged wet
weather results in minimal mosquito popula-
tions (Ritchie 1984). Fish-free oviposition sites
become increasingly rare as rising water tables
spread fish. The increased searching time for iso-
lated oviposition sites, over-crowding of larvae
from aggregated oviposition, and the dilution of
adults emigrating from scattered breeding sites
might all contribute to reduced populations of
biting females. Submergence of oviposition sites,
death offlooded unhatched eggs and larval pre-
dation may also contribute to low mosquito pop-
ulations (Ritchie I 984).
Despite the association of oviposition with
fishless sites, the controlled field experiment pro-
vides only preliminary evidence that the behav-
ior is fish-mediated. Because Gambusia can sig-
nificantly affect pond biota and water quality
(Hurlbert et al. 197 2), an array of cues to detect
fish would be available. Detection mechanisms
also vary and include visual, olfactory, and con-
tact chemoreception (Petranka and Fakhoury
I 99 I ). Our data suggest he cue acts over a short
distance and lasts but a few days. Oviposition
occurred in fishless pools within 5 m of fish pools
and resum€d in fish pools shortly afterthey dried.
Additional experiments are needed to verifu
and identifr the nature of a fish-mediated ovi-
positional repellent. Laboratory experiments, al-
though convenient, may misrepresent the array
ofcues and behaviors observed in the field. Ar-
tificially constructed pools may repel ovipositing
mosquitoes; use ofnatural or "aged" pools might
improve oviposition. Increasing the exposure
time would allow eggs to accumulate but invites
the disaster of flooding and the loss of all data;
many replicates may be needed to get an ac-
ceptable trial. Use of caged fish would control
for visual cues (Petranka and Fakhoury l99l)
LOW HIGH
ELEVATION ELEVATION
Fig. 1. Mean number (+SD) of Aedes taeniorhyn-
chus eggs from excavated pools with and without fish
for low and high elevational strata; egg numbers were
significantly different (P < 0.01) by an unpaired t-test
for both elevations.
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and might permit eggs to be hatched in situ, elim-
inating tedious soil sampling and sieving.
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